SUMMARY Regression equations were developed from left ventricular casts of known volumes to calculate left ventricular volumes from biplane cineangiography obtained in non-standard views. Volumes were calculated by Simpson's rule from casts of postmortem specimens from patients with congenital heart disease. The casts were divided into two groups: those that came from patients with abnormal right ventricular haemodynamic function (group 1, n = 11) and those that came from patients in which it was normal (group 2, n = 9). Biplane cinegrams were taken in conventional (anteroposterior/lateral, right anterior oblique/left anterior oblique) and nonconventional (long axis oblique, hepatoclavicular, and sitting up) projections. The true volume of each cast was determined from its weight and specific gravity. Correlations between measured and true volumes (r = 0-96 to 099) were excellent in all projections, although each projection overestimated the true volumes (slope = 0 72 to 0 94). The regression equations obtained from conventional views were significantly different from those from the non-conventional views; however, the regression slopes in group 1 were not different from those in group 2 in any view.
In angiographic measurement ofthe left ventricle the area-length method described by Dodge and colleagues has become popular.' This method was derived from the assumption that the left ventricular cavity could be represented as a three-dimensional ellipsoid of revolution. In complex congenital heart disease, however, the left ventricle is not usually elliptical and it is affected by right ventricular haemodynamic function. Data from our laboratory question whether the area-length method can be applied to the non-elliptical left ventricle. 2 Simpson's rule seemed to be independent of the 
Patients and methods
We studied casts of the left ventricles of 20 hearts of children and infants who died of congenital heart disease. All clinical data and data on haemodynamic function were reviewed. There were four hearts with endocardial fibroelastosis; three with atrial septal defect; three with tetralogy of Fallot; two with complete transposition of great arteries with intact Biplane left ventricular volumetry ventricular septum; two with coarctation of aorta; two with total anomalous pulmonary venous return; two with myocardial disease; one with ventricular septal defect; and one with congenital mitral stenosis with pulmonary hypertension. The casts were prepared as previously described.4 Briefly, the postmortem specimens selected were fixed in formalin; those in which ventricular shape had obviously been shrunk by fixation were excluded. After the removal of blood clots from both ventricles, the mitral and tricuspid valves were oversewn and the walls were glued with a cyanoacrylate compound (910 Adhesive, Permabond International Division). A silicon rubber material (3110 RTV, Dow Coming) mixed with barium sulphate powder (EZEM Co) was injected simultaneously into both ventricles through the aortic and pulmonary valves. The injection into the ventricles was performed as slowly as possible and without exerting positive pressure so as to avoid displacing the ventricular septum. After the casts had hardened, the left and right ventricular walls and free walls were incised and the casts were carefully removed. The true volumes of left ventricular casts were determined by weight divided by the specific gravity of the silicon rubber (1. 17 g/dl).
Casts were placed on a goniometer designed in our laboratory and positioned on the catheterisation table. The vertical and horizontal image intensifiers were fixed in anteroposterior and lateral positions respectively. The initial reference position for the cast was established by a line connecting the apex with the most distal part ofmitral valve that formed a 350 angle with the vertical plane and a 35°angle with the horizontal plane. The casts were filmed in conventional (anteroposterior/lateral, standard right anterior oblique and left anterior oblique) and nonconventional (long axis oblique, hepatoclavicular, and sitting up) positions. The exact positions of long axis oblique, hepatoclavicular, and sitting up projections were determined as previously described.5 The films were projected on a screen and the images were traced on to paper. After each film a grid of 1 cm squares was filmed at the cast centre parallel to each image intensifier.
The volumes of the left ventricular casts were calculated by Simpson's rule, which assumes that the cross section of each slice is cylindrical and that the total volume is the sum of all cylinders.6 For this calculation we used an IBM PC computer with dedicated software supporting a graphics tablet (Trinity Computer Systems, Houston, Texas).
We used standard linear regression analysis to compare the calculated volumes with the true volumes. We investigated the influence of left ventricular shape on volume determination by dividing the casts into those from patients with 183 abnormal right ventricular haemodynamic function (group 1, n = 11; atrial septal defect, tetralogy of Fallot, complete transposition of great arteries with intact ventricular septum, total anomalous pulmonary venous return, and congenital mitral stenosis with pulmonary hypertension) and those with normal right ventricular haemodynamic function (group 2, n = 9; endocardial fibroelastosis, ventricular septal defect, coarctation of aorta, and myocardial disease). We used analysis of covariance for between group comparisons of regression equations obtained from the five projections.
Results
The true volumes of the left ventricular casts ranged from 1 to 49 ml (mean (SD) 14 (13) closely resembled that ofthe left ventricle seen on the ventriculograms in the same projections (figure). None of the differences between groups 1 and 2 was significant. with small standard errors of estimate (< 3-6 ml).
Comparisons between the groups showed there were no statistical differences between regression equations for different projections. These results suggest that Simpson's rule was not affected when the shape of left ventricle was altered by abnormal right ventricular haemodynamic function. We have previously reported that volumes calculated by the area-length method overestimated the true volumes if the haemodynamic function of the right ventricle is abnormal.2 The present study suggests that Simpson's rule is more accurate than the area-length method because it is less dependent on the geometry of the ventricle. It seems that the prolate shape of the left ventricle (banana shaped) in simple transposition of the great arteries affects the estimation of the minor axis by the length-area approach.
The regression equations for conventional and non-conventional projections were statistically different in our study. To our knowledge, there are few previous investigations of the use of Simpson's rule to determine left ventricular volume in these non-conventional projections'314 and no reports of investigations of the hepatoclavicular and sitting up projections. Previous studies of casts made from anatomically normal hearts did not show any differences in the slopes of regression equation between conventional and long axis oblique views. This may be because earlier studies used casts of different types or sizes. Our investigation suggests that different regression equations should be used to assess the size of left ventricle by left ventriculography in non-conventional views.
We conclude that Simpson's rule should be applied to the determination of left ventricular volume in complex congenital heart disease because it is more independent of the shape of the left ventricle. Non-conventional views, however, require different regression equations to 
